Objective-To examine the effect of physical training on physical fitness and blood pressure in children aged 9-11 years.
Introduction
Regular exercise training generally is being recommended as a health measure for managing hypertension in adulthood.'" A coincident reduction in blood pressure after exercise training in hypertensive subjects' and normotensive subjects4 has been shown, but most reported studies suggest that the effect of training on blood pressure is non-existent or very small.5-7 Most of the longitudinal training studies reviewed, however, must be interpreted with caution because of inadequate design, principally the absence of adequate and randomised control groups receiving the same care during the training period." No study exists in which the controlled effect of physical training on blood pressure and physical fitness has been examined in a population based sample of children.
The purpose of this investigation was to examine the effect of three extra lessons a week of an ordinary school physical education programme for eight months on blood pressure and physical fitness in children aged 9-1 1 years by use of a randomised controlled design.
Subjects and methods

SELECTION OF SUBJECTS
The children for this study were drawn from a total of 1369 children (81 5% of the eligible population) aged 9-11 years who participated in the first phase of a prospective study (the Odense schoolchild study)."'
We selected two groups of children: a hypertensive group (n=69) consisting of all children with a mean blood pressure (diastolic blood pressure plus a third (systolic blood pressure minus diastolic blood pressure)) at or above the 95th centile for the entire population and a normotensive group (n=68), comprising another 5%, selected randomly from children with a mean blood pressure below the 95th centile. Five children in the hypertensive group did not want to participate and neither did 17 children originally selected for the normotensive group, but they were all replaced with children from the population by a randomised reselection procedure. The study group then included 64 children in the hypertensive group and 68 children in the normotensive group. After giving informed consent each child was randomised to either a training subgroup (hypertensive training subgroup (n= 32); normotensive training subgroup (n=35)) or a control subgroup (hypertensive control subgroup (n=32); normotensive control subgroup (n= 33)).
The study -was approved by the research ethics committee of the medical faculty of the University of Odense.
STUDY DESIGN
The study was a prospective controlled intervention study. All of the 132 participating children were examined immediately before training, at three months after the start of training, and at the end of eight months of training, according to the examination procedure reported previously." All Statistical analyses were performed on an intention to treat principle, so that children were treated statistically according to the experimental randomisation design throughout the study, even if their exercise training was discontinued. In each of the two groups the significance of the effects of state of training and sex were assessed from F ratios with a 2 x 2 (training x sex level) analysis of variance with covariate adjustment for values before training of weight, height, heart rate, and either blood pressure or physical fitness, when appropriate. A repeated measures design was used for estimating trends with time.'4 '5 The assumption of homogeneity of variances, which indicates that the variance-covariance matrices of the groups are equivalent, was assessed using Box's M statistic'6 and Bartlett's test.' All statistical analyses were carried out with the statistical package for the social sciences (SPSS) software. A probability value of less than 0-05 was considered significant. All statistical tests were two tailed. Table I shows the effect of the physical training programme on selected physical characteristics of the children. Mean heart rate was significantly lower in the training group before the intervention period. None of the other characteristics differed significantly either before or after the intervention period. A change in Tanner score as a measure of the onset of sexual maturation during the training period was observed in 11 children in the control subgroups (10 girls and one boy) and in seven in the training subgroups (three girls and four boys).
COMPLIANCE
The average total number of exercise training lessons was 90 (range 86-91). A total of 51 (76%) of the 67 children who were randomised to training complied with the programme throughout and 48 (72%) participated in more than half of the lessons. The statistical analyses, however, were performed on an intention to treat principle.
The intensity of the training programme was assessed by monitoring heart rate. The mean individual maximum heart rate determined during the maximum exercise test on the bicycle ergometer was 200 (range 178-216) beats/min. A total of 127 measurements of heart rate during training lessons were performed. On average heart rates for each child exceeded the 70% value of the individual maximum value during 35 minutes of each 50 minute lesson. Table II shows the subgroup and sex specific mean values in physical fitness before training, at three months after the start of training, and at eight months of training. Before training physical fitness in the hypertensive training subgroup was significantly higher than that in the hypertensive control subgroup (F ratio 7 7) . No increase in physical fitness was found after only three months of training. At the end of the eight months significant differences were observed between the training subgroup and the control subgroup in both the normotensive group (F ratio 23-3) and the hypertensive group (F ratio 5 1). During the eight months of training physical fitness increased significantly in boys and girls in both training subgroups. As the figure shows, the mean increase in physical fitness in the normotensive group was 3.7 mlo2/kg/min (95% confidence interval 2 2 to 5-3) Before training the normotensive training subgroup had a significantly lower systolic blood pressure than that of the normotensive control subgroup (F ratio 4-1) (table III) , but all differences in values before training were controlled for by the analysis of variance model in the subsequent analyses. At three months systolic blood pressure did not differ significantly. Systolic blood pressure differed significantly between the training subgroup and the control subgroup after the training period in both the normotensive group (F ratio 15 -0) and the hypertensive group (F ratio 5 8) . The mean fall in systolic blood pressure (figure) was 6 5 mm Hg (3-2 to 9 9) in the normotensive training subgroup and 4 9 mm Hg (0 7 to 9 2) in the hypertensive training subgroup. No difference between the sexes was observed at the end of the training period (table III) . Sex, however, had a significant effect in the hypertensive group, as shown by the significant interaction effect of intervention and sex. At the end ofeight months of training systolic blood pressure had fallen significantly in boys in both training subgroups.
PHYSICAL FITNESS
Diastolic blood pressure at three months of training was not significantly different (table IV) . At the end of the eight month training period it was significantlv lower in both training subgroups than in the control subgroups (mean fall 4 -mm Hg ( -7 to 6 6 mm Hg) in the normotensive training subgroup and 3 8 mm Hg (0 9 to 6-6 mm Hg) in the hypertensive training subgroup; figure).
Discussion
No other published study has examined the controlled effect of physical training on blood pressure and physical fitness in a population based group ofchildren.
Our results therefore provide the first objective support for the effectiveness of physical training in increasing physical fitness and lowering blood pressure among populations of children.
Careful precautions were taken to ensure a highly accurate and precise estimate of the intra-arterial blood pressure, but some methodological problems might be inherent in the blood pressure recordings in that the observer was not blinded. All 
